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EXPERIMENTAL SUMMARY 1984 
Jill Wilson 
Plant Pathologist 
Plant Research Division 
Geraldton Regional Office 
Investigation of root and foliar diseases associated with decline 
in wheat yields on sandplain 
A Wheat Industry Research Council Project. In 1984 research was conducted in 
collaboration with Dr John Hamblin, Dr Allan Brown, Mr Rob Delane and Dr Mark 
Sweeting ham. 
1. Field Trial (GE84Cl5): Interactions between disease and agronomic 
factors, particularly rotation with lupins, and deep tillage. 
( i) 
(ii) 
(iii) 
(iv) 
Yields 
Incidence of root diseases 
Root length and diseased root length 
Leaf disease 
2. Farm Survey (sites from trial 84GE57 of Dr Allan Brown) 
Incidence of Common Root Rot 
\01...5 
RESEARCH OUTLINE 
The research programme is being conducted at three levels: 
(1) Field trials on the yellow sand at East Chapman Research Station, to 
investigate interactions between rotation with lupins, deep tillage 
(ripping), nitrogen applications, and root and leaf diseases, and their 
effects on wheat yields. 
(2) Farm surveys, to investigate the effect of disease, particularly common 
root rot, on wheat in the Geraldton area. 
(3) Glasshouse experiments, to examine in more detail than is possible in 
the field, the effect of diseases on root function. 
RESULTS FOR 1984 
1. FIELD TRIAL (GE84Cl5) 
A multi-factorial experiment was conducted using the following factors as 
treatments: 
{a) Rotation - wheat after lupins vs continuous wheat. (Wheat variety 
Eradu). 
(b) Leaf disease - three levels of leaf disease were artificially imposed 
using stubble burning, the addition of contaminated stubble, or the 
application of fungicide. 
(c) Deep tillage (ripping) - ripped vs not ripped. 
(d) Cultivation - conventional cultivation vs minimum tillage. 
{e) Nitrogen - 5 levels of nitrogen (0, 12.5, 25, 50, 100 kg/ha), applied as 
Ag ran. 
Plots containing barley, and various seed dressings were also included. 
Measurements were made of root and leaf diseases, root length and depth, 
biological yield, and grain yield. Neither the measurements, nor the 
statistical analyses, are yet completed. The following report of the research 
findings is therefore not intended to be definitive. The data will be on disc 
and available from the Geraldton Research Group. 
( i) Yields 
Most cereal crops in the northern wheatbelt of w.A. yielded well in 1984, due 
to good rains throughout the season. Nevertheless, the field trial showed 
that yields could be significantly increased by either ripping or rotation 
with lupins. Further increases were obtained by combining ripping and 
rotation (Figure 1, Table 1). Nitrogen responses were of minor importance. 
In unripped plots, there was little response to nitrogen at levels above 25 
kg/ha applied nitrogen. There was a slightly greater response to nitrogen in 
the ripped plots. Despite the nitrogen applications, the yields of unripped 
continuous wheat never reached those of unripped wheat after lupins, and there 
was a similar result for the ripped plots. These results confirm previous 
convictions that a factor other than nitrogen is reducing wheat yields on the 
sandplain. 
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FIGURE 1. THE EFFECTS OF NITROGEN APPLICATIONS, ROTATION WITH LUPINS AND DEEP 
TILLAGE (•RIPPING•) ON THE YIELD OF WHEAT (VARIETY ERADU) ON THE 
DEEP YELLOW SAND AT EAST CHAPMAN RESEARCH STATION IN 1984. 
GRAIN • Wheat on Lupins 
YIELD Ripped 
t./ha 
3 
Wheat on Wheat 
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Table l. The response of wheat yields and other factors to rotation with 
• lupins, to deep ripping, and to both ripping and rotation. The 
responses are calculated with respect to the yields of unripped 
wheat on wheat at a nitrogen application of 50 kg/ha1 • 
.Response to Response to Response to 
rotation alone ripping alone ripping & rotation 
Grain yield 55% increase 88% increase 131% increase 
Yield components 
Heads/~2 39% increase 41% increase 102% increase 
Seeds/HD 7% increase 35% increase 21% increase 
Grain wt 3% increase 4% increase 1% increase 
.Root disease incidence at 5 weeks2 
Common root rot 14% reduction 36% reduction 74% reduction 
Other disease 43% reduction 25% reduction 69% reduction 
Non-diseased root length 
At 5 weeks 36% increase None 36% increase 
At anthesis 
Total roots 10% increase 84% increase 113% increase 
Below 40 cm 51% increase 330% increase 362% increase 
% Root length necrotic 
At 5 weeks None None 50% reduction 
At anthesis 
Total roots 42% reduction 17% reduction 57% reduction 
Below 40 cm 21% reduction 26% reduction 59% reduction 
l The yield of unripped wheat on wheat at 50 kg/ha of nitrogen was 1.40 
t/ha. Responses to fungicide are not shown as they were of little 
significance in 1984. 
2 Incidence = percentage of plants affected 
There were clearly interactions between the treatments and the parameters 
measured. Preliminary calculations suggest that there were correlations 
between grain yield and the other factors examined (Table 1) • Detailed 
a:.alysis remains to be completed, but yield increases in 1984 were undoubtedly 
associated with both increases in root length and reduced root disease. 
Variations in yield were mainly due to changes in the number of heads, and the 
number of seeds per head, rather than to changes in grain weight (Tables l, 
2). This suggests that the main limitation to yield in 1984 occurred prior to 
grain-filling. The high harvest indices, and the minor differences in harvest 
index between the treatments, support this conclusion. Rapid growth early in 
the season is probably important if high yields are to be achieved on the 
northern sandplain. 
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Table 2. The effects of deep ripping and rotation with lupins on the yields 
and yield components of wheat. Data are for plots to which nitrogen 
was applied at 50 kg/ha. 
Continuous wheat Wheat on lupins 
Ripped Not ripped Ripped Not ripped 
Grain yield, t/ha 2.63 1.40 3.23 2.17 
Harvest index 0.49 0.51 0.48 0.51 
Heads per m2 191 135 273 188 
Seeds per head 32.7 24.3 29.5 26.0 
Grain weight, mg 4.23 4.06 4.09 4.20 
Fertile spikelets per head 14.5 12.9 14.9 13. 7 
Seeds per spikelet 2.22 1.99 2.06 1.92 
The trial included cultivation treatments to compare conventional cultivation 
with minimum tillage. However, cultivation effects were negligible in 
comparison with the effects of deep tiliage. 
Plots containing seed dressings of apron, benlate, rovral and mercury were 
included in the field trial. However, none of these treatments had a 
significant effect on yield (Table 3). 
Table 3. The effect of various seed treatments on the yield on wheat (variety 
Eradu). 
Mercury Rovral 
Wheat on wheat 
Ripped 2.48 2.72 
Not ripped 1.59 1.94 
Wheat on lupins 
Ripped 3.14 3.00 
Not ripped 1.82 1.83 
GRAIN YIELD t/ha 
Seed treatment 
Apron 
2.69 
1.49 
3. 59 
1.88 
Benlate 
2.57 
l. 71 
3.51 
1.91 
Nil 
2.66 
1.45 
3.46 
2. 04 
Barley (variety Stirling) was included, for comparison with the wheat at 50 
kg/ha nitrogen. Table 4 shows the effect of both stubble treatments and 
ripping on the yields of wheat and barley. Barley yields incre~sed with both 
ripping and rotation, but the responses were less than those of wheat. 
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Table 4. The effects of stubble treatments (1) and ripping (2) on the yields 
of wheat (Eradu) and barley (Stirling). Data are for plots to which 
50 kg/ha of nitrogen was applied. 
GRAIN YIELD t/ha 
Barley Wheat 
B B+S B+F B B+S 
After wheat 
Ripped 2.49 2.52 2.21 2.61 1.58 
Not ripped 1.80 1.38 2.24 2.54 0.73 
After lupins 
Ripped 3.51 3.12 3.18 3.30 3.10 
Not ripped 2.48 1.84 2.33 2.52 2.62 
1. Stubble treatments were designed to impose different levels of leaf 
disease (on wheat) : B - burned only; B+S - burned, plus contaminated 
wheat stubble; B+F - burned, plus four applications of the fungicide 
"Tilt". 
Bff 
2.67 
1.49 
2.82 
1.74 
2. Average ripping responses were: barley on wheat: +46%; barley on lupins: 
+51%; wheat on wheat: +120%; wheat on lupins: +46%. 
(ii) Incidence of root diseases 
The most common disease symptom observed on the below ground parts was 
necrosis of the sub-crown internodes. As Drechslera sorokiniana was regularly 
isolated from these lesions, the disease is referred to as "common root rot". 
Other root pathogens observed or isolated were Gauemannomyces graminis 
("take-all"), and species of Rhizoctonia, Fusarium and Pythium. As in 
previous years, severe root damage was rarely seen. This supports the theory 
that root diseases in the Geraldton area are insidious, and usually cause 
reduced plant growth rather than death. 
Both deep ripping, and rotation with lupins, decreased the incidence of root 
disease, particularly early in the season (Table 5). The severity of 
sub-crown internode damage was also decreased by these treatments (results not 
shown). The responses of root disease to the ripping and rotation treatments 
parallel those obtained for yield (Table 1), and show that yield and root 
disease are related. Whether this is a causal relationship, or merely 
coincidental, remains to be investigated. 
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Table 5. The effects of deep ripping, and rotation with lupins, on the 
incidence of root diseases of wheat. Data are for plots to which 
nitrogen was applied at 50 kg/ha. 
% of plants affected 
Type of damage 
Continuous wheat Wheat 
Ripped Not ripped Ripped 
Necrosis of sub-crown inter node (Q. sorokiniana, "common root rot") 
at 5 weeks 25 42 11 
at 9 weeks 80 80 32 
Necrosis of adventitious and seminal roots (various pathogens) 
at 5 weeks 
at 9 weeks 
51 
82 
68 
87 
21 
30 
on lupins 
Not ripped 
36 
53 
39 
59 
The effect of nitrogen on root disease was studied superficially (Table 6). 
At the time the assessments were made, there was little effect of nitrogen on 
the incidence of disease on the continuous wheat. However, on wheat after 
lupins, disease incidence, particularly of common root rot, was decreased by 
nitrogen. There appeared to be a strong interaction between nitrogen, ripping 
and rotation with respect to the incidence of common root rot. 
Table 6. Interactions between nitrogen, deep ripping and rotation, and their 
effects on the incidence of root diseases of wheat 12 weeks after 
planting. Nitrogen was applied as Agran. 
% of plants affected 
Type of damage Nitrogen Continuous wheat Wheat on lupins 
applied, kg/ha Ripped Not ripped Ripped Not ripped 
Necrosis of sub-crown inter node (common root rot) 
0 83 50 59 61 
100 63 80 10 70 
Necrosis of adventitious and seminal roots 
0 83 87 37 90 
100 97 100 40 70 
(iii) Root length and diseased root length 
On the highly leached deep sands typical of the northern sandplain of w.A., 
rapid root development is probably necessary if yields are to be maximised. 
In this trial, the final depth of rooting was similar for all treatments, but 
total root length, (and hence root density down the profile), increased with 
both ripping and rotation with lupins (Tables 7, 8). However, the effects 
varied according to the time of sampling. Early in the season, there was a 
response to rotation, but the effect of ripping was negligible (Table 5). At 
anthesis, both ripping and rotation caused increased root length, but ripping 
was the more significant of the two factors (Table 8). 
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Table 7. The effect of deep ripping, and rotation with lupins, on the length 
of healthy and diseased roots 5 weeks after planting.* Disease 
refers to any form of root necrosis. 
Continuous wheat Wheat on lupins 
Ripped Not ripped Ripped Not ripped 
Total root length (cm) 2102 2141 2431 3101 
Root length diseased (cm) 307 346 170 494 
Non-diseased root length (cm) 1795 1795 2261 2607 
% root length diseased 15.0 15.7 7.4 16.4 
* Average values for 5 plants. Total root depth was approx. 19 cm. 
Table 8. The effect of deep ripping, and rotation with lupins, on the length 
of healthy and diseased roots at anthesis (14 weeks after 
planting)*. Disease refers to any form of root necrosis. 
Continuous wheat Wheat on lupins 
Ripped Not ripped Ripped Not ripped 
Total root length (cm) 
Total profile 6475 3703 6850 3647 
Above 40 cm 4220 3198 4555 2851 
Below 40 cm 2255 511 2278 801 
Root length diseased 
Total profile 1130 801 630 437 
Above 40 cm 801 551 432 312 
Below 40 cm 329 68 199 125 
Non-diseased root length 
Total profile 5373 2925 6225 3226 
Above 40 cm 3419 2471 4124 2539 
Below 40 cm 1954 454 2096 687 
% root length diseased 
Total profile 17.8 21.2 9.1 12.2 
Above 40 cm 19.5 22.7 9.7 10.9 
Below 40 cm 16.0 21.5 8.9 17.0 
* In this trial, total root depth was approximately 2.4 metres for all 
treatments. In previous years differences have been observed with rotation 
and tillage treatments. Figures are for 5 cm diameter cores. 
Penetrometer measurements of the plots showed that soil strength varied down 
the profile, with unripped plots having a compacted layer between depths of 
approximately 20 and 40 cm (data not shown). Deep ripping signficantly 
reduced this compacted layer. It is well established that this reduction in 
soil strength causes a more rapid development of roots (e.g. data of 
o. Tennant and J.W. Sowden). However, an interesting finding from this trial 
was that the treatments affected the length and proportion of the roots which 
were diseased. Early in the season, the length of diseased root was 
significantly reduced in the ripped wheat after lupin plots (Table 7). 
However, the unripped plots appeared to compensate by producing a greater 
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length of root. Later in the aeason, diaeased roota, characterised by 
vascular necrosia, occurred at all level• down the profile, even below 2 
metres. The cause of thi• necro•i• i• not known. aoth ripping and rotation 
caused reduction• in the proportions of the root• which were diseased, but the 
effects were most marked below the compacted layer (i.e. belov 40 cm), and 
were again greatest for the ripped vheat after lupin plots (Table 8). Whether 
the disease impaired root function is not yet established. 
(iv) Leaf diseases 
Leaf diseases caused by Pyrenophora tritici-repentis (yellow spot) and 
Septoria nodorum (glume blotch) were both present in 1984, although their 
severity was very much reducea compared vith levels observed previously. 
There were minor differences in disease levels between the treatments designed 
to study leaf disease (Table 9), but these differences were not reflected in 
yields. The low yield of the stubble treatment (8 + 5) on continuous wheat 
may be due to natural variability rather than a real effect. Statistical 
analysis of all the stubble treatments (i.e. across all nitrogen levels), may 
provide an explanation. 
Table 9. A comparison of grain yield with leaf disease measurements made 12 
weeks after planting. Different levels of leaf disease were imposed 
by stubble burning, the addition of contaminated stubble, or the 
application of fungicidel. Data are for plots which were 
conventionally cultivated3 and to which 50 kg/ha of nitroqen was 
applied. 
B 
Cont1nuous Wheat 
B+S B+F 
Wheat after Lupins 
B B+S B+F 
Leaf disease: ' leaf area necrotic 2 
Flag leaf < l l < 1 l 1 < l 
J..eaf :l 2 5 2 3 7 2 
Leaf 3 19 52 19 13 46 4 
Leaf 4 77 84 67 70 100 20 
Grain yield ( t/ha) 1.58 0.73 1.49 2.52 2.63 1. 74 
1. &: Burned only; B+S: burned, then contaminated wheat stubble added; B+F: 
burned, then fungicide (•Tilt•) applied tour times during the season. 
4la 2. Approximately half the damage was caused by Septoria nodorum, and half by 
Pyrenophora 1ritici-repentis. Traces of ~eptoria tritici were also 
present. 
). Tnese plots were not ripped. Yield data for ripped plots is shown in 
Table 4. 
2. PARM SURVEY 
A amall aurvey vas conducted in 198' to investigate the extent of aub-crovn 
internode damage (•common rex>t rot•) among wheat crops in the Geraldton area. 
Root aamples vere collected from 19 crops, 9 of which vere vheat folloving 
lupina, and 10 wheat after wheat. ~he •itea vere those uaed by Dr Allan Brown 
in bi• investigation on wheat leaf di•eaaea in the Geraldton area (Trial 
8'GBS7).· 
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. . The incidence of common root rot was 48' on the wheat following wheat, but only 20\ on the wheat following lupins (Table 10). Common root rot may be 
part of the reason for the lower yields of the wheat following wheat. 
Table 10. The incidence of common root rot on wheat in the Geraldton region, 
and comparison with yields (l). 
Wheat on wheat 
l<Vheat on lupins 
Common root rot 
incidence ( 2) 
481 
20% 
Grain yield 
t/ha 
2.18 
3.11 
1. Samples were taken from the control plots of trial 84GE57 of Dr Allan 
Brown (leaf disease spray trial). Nineteen plots were sampled, 10 wheat 
on wheat, and 9 wheat on lupins. Several different varieties and soil 
types were involved. 
2. Incidence c % of plants with nectrotic sub-crown internodes. 
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